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Nitrogen removal via nitrite pathway from domestic wastewater
in a modified MUCT process
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Abstract: Nitrogen removal via nitrite pathway was investigated in a lab-scale modified University of Cape
Town (MUCT) process treating real domestic wastewater with low C/N ratio. The experimental results
of 121 d showed that nitritation was achieved at hydraulic retention time (HRT) of 8 h, dissolved oxygen
(DO) of 0.3—0.5 mg + L', sludge recycle ratio of 80%, anoxic recycle ratio of 120% and internal
recycle ratio of 300% after startup period of 87 d. Nitritation was stabilized for 35 d with an average nitrite
accumulation rate (NAR) of 62% . the highest NAR up to 80%, average ammonia removal efficiency of
65% and the highest of 87 %. Mechanisms of nitritation indicated that the low DO concentrations and short
HRT were really important to nitritation, whereas pH, free ammonia (FA) and free nitrous acid (FNA)
had no effect on nitritation. And temperature and sludge retention time (SRT) possibly had a slightly
positive effect on nitritation. The fluorescence in situ hybridization (FISH) assays demonstrated that the
percentage of ammonia oxidizing bacteria ( AOB) in biomass increased when the performance of

MUCT reactor was converted from complete nitrification to nitritation, and the highest AOB percentage
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was up to 9. 3%. Meanwhile, the percentage of nitrite oxidizing bacteria (NOB) decreased, and NOB

were phylogenetically related to Nitrospira. Nitrogen removal wvia nitrite pathway saves the aeration

costs and external carbon sources as compared to nitrate pathway. For the treatment of domestic

wastewater, nitritation and denitritation are highly beneficial because the organic carbon source in it is

typically limited.

Key words: MUCT; domestic wastewater; nitritation; ammonia oxidizing bacteria; nitrite oxidizing

bacteria; fluorescence in situ hybridization
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Fig 1

Schematic diagram of MUCT process

1—wastewater tank; 2—pump; 3—influent; 4—mixer; 5—anaerobic zone; 6—the first anoxic zone; 7—the second anoxic zone;

8—aerobic zone; 9—air pump; 10—airflow meter; 11—DO meter; 12—air diffuser; 13—valve; 14—settler; 15—effluent;

16—anoxic recycle; 17—nitrate recycle; 18—sludge recycle; 19—waste sludge

1
Table 1 Characteristics of raw wastewater
Contents Range Average
COD/mg « L1 88 77—219. 3 144, 8
NH:’—N/mg e L1 53 98—98 76 70. 29
P/mg- L! 1. 69—11. 38 5. 39
C/N 0. 86—3. 38 2. 07
pH 7. 13—7. 42 7. 31
1.3
O. 45pm
COD, POT—P\ NH,1+ -N. NO,; -N., NO, -
N DO pH WTW-Multt
3401 °
(nitrite accumulation rate, NAR)
C(NO, -N)
NAR = : X 10079 1
C(NO, -N) + C(NO; -N) < R
, C(NO, -N) C(NO,; -ND
NO, -N NO, -N s
mge+ L',
AHRT (0O),
AHRT(O) = — 1 HRT(O) = — Yo
1+ R +R; QU1 +R, +Ry)
(2)
HRT(O) )
h; AHRT (O)
’ h; V() ’ L; Q ’

Leh',

1.4 FISH
Amann"*" FISH ., 4°C
. 4% (PFA)
2~3 h, 100 W
. 50% 4 min,
; 50%. 80%  98%
3 min, FISH
[ 0.9 mol » L
NaCl, 20 mmol « L ' Tris/HCIL, 0. 01% SDS
( FA )71,
46°C 2 h,
2 48°C
18 min,
20

OLYMPUS BX61,
Image-Pro Plus 6. 0,

2 FISH
Table 2 16S rRNA-targeted oligonucleotide

probes used in FISH analysis

Probe  Formamide/ % Fluorochrome-labeled Specificity
EUB-mix — FITC Eubacteria
NSO1225 35 Cy3 ammonia-oxidizing

B-Proteobacteria
NIT3 40 Cy3 Nitrobacteria
Ntspa662 35 Cy3 Nitrospira

Note: EUBmix is an equimolar mixture of probes EUB338,
EUB338-1 and EUB338-1I.
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Table 3 Scheme of experiments for short-cut nitrification in MUCT process treating domestic wastewater
Stage Influent flow rate/L « h™! HRT/h  Aerobic AHRT/h Ri/% R: /% R/ % SRT/d
I (—14d 5. 83 12 L 29 100 100 200 10—15
I (15—42d) 5 14 1 33 100 100 250 2545
Il (43—57d) 6. 67 10. 5 0. 90 100 100 300 25+5
IV (58—86d) 8 75 8 0. 69 100 120 300 25+5
V(87—121d) 8 75 8 0. 71 80 120 300 2545
1.5 (NAR) , 50%,
5 s s 37.4% 3,
3 o ( ’ 5~9 ) 3
23~28°C, . @ HRT AHRT
o , : MUCT HRT 12 h,
DO 0. 3~0.5mg e+« L7*; AHRT 1. 29 h,
, DO 0, o AHRT,
AHRT AOB
o , NOB
(sludge retention time, SRT), SRR ©) SRT
( mixed liquor suspended solid, MLSS 5400 mg + L7,
MLSS) 2000~4000 mg » L', SRT 10~15 d.
SRT, ©@ :
2 70 mg « L1,
2.1 MUCT 100 mg « L',
5 AHRT MUCT
b
- . , AOB o
NO, -N, NO, -N 0
2 , NOB “ »
° AOB ,
3 . AHRT,
o , SRT
SRT
. , , 13 d
MLSS , MUCT MLSS SVI
A 4000 mg« L' (  4),
I ( ) 2 I , ’
MUCT 1 7 1 m I 4' \
P . W “| o -
s s efflent ) _ i "*1 80
i «removal efficiency ; |‘ | 11
o sNO3-N =NO3-N  «NAR 150 : f It f'p‘ | 1'.1
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Fig 2 Variations of nitrite accumulation 3 MUCT

rates in MUCT process

Fig 3 Variations of ammonia in MUCT process
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